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ABSTRACT 

All couplings of a new heavy gauge boson to ordinary fermions can be determined in a model- 
independent way at a large e + e~ collider for large enough statistics. No such determination is 
possible at LEP 200, however, because its design integrated luminosity is too low for existing and 
forthcoming limits on Z' interactions. At any rate, it should be possible to distinguish between 
models for Z' masses < 1 TeV, or to set limits of this order on Z 1 masses for definite models. These 
are (preliminary) la limits. We neglect systematic errors and assume an integrated luminosity of 
0.5 fb- 1 . 

1. Introduction 

There is no compulsary reason for expecting a new heavy Z' boson, but there 
is neither a reason for excluding its existence. At present there are only bounds on 
its effects [1-6]. The question here is: Which information on an extra gauge boson 
can LEP 200 provide ? At a large e + e~ collider if the Z' effects are sizeable all Z' 
couplings to ordinary fermions can be determined in a model-independent way [7,8]. 
However, the expected luminosity at LEP 200 is too low to allow for such a model- 
independent analysis. The typical value of the Z' mass limit, or of the discovered 
Z' mass, at TEVATRON when LEP 200 enters in operation is - 500 GeV [9]. For Z' 
masses < 1 TeV it is possible to distinguish between definite models at LEP 200; for 
specific models it is also possible to set limits on Z' masses ~ 1 TeV. Our analysis 
is preliminary. In what follows we review present and forthcoming Z' limits (1.1) 
and the parametrization of Z' effects in two-fermion final state observables at e + e~ 
(1.2). Our numerical estimates for Z' physics at LEP 200 are given in Section 2. 

* To appear in Proceedings of the Zeuthen Workshop on Elementary Particle Theory " Physics at 
LEP 200 and Beyond', Teupitz, Germany, April 10-15, 1994 
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1.1 Present and forthcoming Z' limits 



Present limits on Z' masses, M z >, come from the absence of an excess of 
e+e~(^+^~) pairs with a large invariant mass at TEVATRON: direct limits [1,2]; and 
from the observation of no effect beyond the minimal standard model in precise 
electroweak data, mainly at LEP: indirect limits [3-6]. These limits for popular 
models, x^,^ LR, are given in Table 1 [9,10]. TEVATRON can provide limits on 
M z > ~ 500(600) GeV for an integrated luminosity of 25(100) pb' 1 . LEP allows for 
a precise measurement of the Z current, providing a stringent limit on the Z'Zi 
mixing, s 3 = sind 3 < 0.01 [3,6]. In models where this mixing is fixed by the Z' mass, 
the limit on s 3 translates into stringent M z > limits: constrained indirect limits. When 
M z > and s 3 are independent the Z 1 mass limits are modest: unconstrained indirect 
limits. The indirect limits on M z < depend little on the top quark mass, m t , except 
for top masses near the m t upper bound [5]. 
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Table 1. Z' mass limits (in GeV). 

In conclusion we will assume for our estimates at LEP 200 that a new Z' 
may exist with a mass > 500 GeV. 



1.2 Parametrization of Z' effects in two-fermion final state observables at e+e 

The effects of a new Z' can be observed in the two-fermion channels at LEP 
200. The relevant lagrangian reads: 

- C NC = e Qidi-ftiAp + ^ ^VV ~ a l l5 )^Z^ + JL- £ & W - a H l5 )^Z^, (1) 

i i i 

where the last piece describes the new Z' interaction and the first two pieces define 
the standard model neutral lagrangian [1] . (We assume family universality and that 
the SU(2) L charges T { commute with the new charge Q' -. [Q',Ti] = 0.) We neglect 
the Z'Zi mixing angle, for it is bounded, s 3 < 0.01, and its effects are unobservable 
at LEP 200. Hence, we identify Z\ and Z 2 with the observed Z and the new Z' 
bosons, respectively. The three gauge bosons, 7, Z, Z', are far off-shell for a center 
of mass energy of 200 GeV . The expected statistics allows for working at tree level. 
Radiative effects due to real Z production are important but they can be taken 
away with a cut on the maximum photon energy [11]. We can neglect them in a 
first estimate of the Z' potential of LEP 200. The main Z' effects result from the 
interference of the Z' amplitude, 

Af(Z') = s _, Pz X lTz , Mz , ^?^ - a'^WUn^ - (2) 
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with the 7, Z amplitudes. Neglecting the Z' width and for a fixed center of mass 
energy y/s (= 200 GeV), the Z' amplitude and the corresponding Z' effects in e+e~ — » 
//, with / any ordinary fermion, depend on five couplings [7]: 

« ,e2 8 v'« + a'i d _ v'^ d - a'^ d 

eA ~ (*y8*y M*, - a' v ~ a'*' L 2a'- ' R v'i + a'" ' { > 

At a large e+e~ collider not only the pairs of charged leptons but the bottom 
and charm final states can be tagged. As a matter of fact, using the event shape, 
lepton tagging and/or vertex reconstruction LEP analyses have measured the total 
cross section and the forward-backward asymmetry of bottom and charm pairs [12]. 
Thus, the set of observables at LEP 200 includes the total cross section for charged 
leptons a 1 and their forward-backward asymmetry A l FB (l stands for e,^,r), as well as 
for bottom and charm quarks i? b,c = z ^r,A b / : B , and the total cross section for hadrons 
R had = (We assume only s-channel exchange for electrons, implying a e <~ <~ a T . 
We do not consider tau polarization asymmetries.) If beam polarization is available, 
the corresponding left-right asymmetries, A l £ b R °' had ,A l £ b R c FB , double the number of 
observables to be measured. 

a 1 and A l FB have small linear terms in Py, implying that unpolarized lepton 
probes only determine tA and \Py\. Whereas the polarized probes A l LR and A l LRFB 
are very sensitive to P v , including its sign [7]. One combination of Pl,P R d is fixed by 
R had . A second combination is determined by A L a R if polarization is available. In any 
case, flavour tagging is necessary for a complete determination of the Z' couplings 
to quarks. R b > c and A h FB allow for this determination even without electron beam 
polarization. 

In Ref. [7] it is shown that a complete (model-independent) determination 
of the Z' couplings to ordinary fermions is possible for a Z 1 mass <~ 1 TeV at NLC. 
As we show below such a determination is not possible at LEP 200. 



2. LEP 200 results 

In Table 2 we gather the expected values of two-fermion final state observ- 
ables at LEP 200 for different models. We assume an integrated luminosity of 
0.5 fb^ 1 . Errors are only statistical. The first four columns correspond to models 
X, ip, n, LR and a Z' mass equal to 500 GeV. The fifth column gives the values of the 
same observables for the standard model. 
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Table 2. Values and statistical errors for two-fermion final state observables at LEP 
200 {s/s = 200 GeVj Ldt = 0.5 fb' 1 ) for models x,tp,V,LR {M z , = 500 GeV) 
and for the standard model. 

In order to decide on the Z' potential of LEP 200 we perform a \ 2 fit to 
the observables in Table 2 for models x^^^R. I stands for e,^,r and counts three 
times. The results are given in Table 3. The errors in parentheses are for unpolarized 
electron beams. In both cases the errors are so large that no model-independent 
determination of the Z' couplings to ordinary fermions is possible. 
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Table 3. Values of couplings in Eq. (3) and la statistical errors at LEP 200 for 
popular models. Errors in parentheses correspond to unpolarized electron beams. 

However, we can distinguish between specific models. Let us consider the 
class of E e models parametrized by (3 in Table 4. Performing a x 2 fit to the observ- 
ables in Table 2 for models x,^,?y with M z > = 500 GeV, we obtain 

(3 = 0.0 ± 0.10(0.27), 1.57 ± 0.10(0.28), -0.91 ± 0.11(0.13), (4) 
respectively. Errors in parentheses correspond to unpolarized electron beams. 
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Figure 1: 
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Table 4. Vector and axial Z' couplings in Eq. (1) for a class of E 6 models. (3 — 
0, \ , —arctan^J^ for models x, ip,T], respectively. 

For definite models we can also determine the Z' mass. A x 2 fit to the 
observables in Table 2 gives 

M z , = 500 ± 19(25), 83(102), 43(72), 14(50), (5) 

for models x^^ViLR, respectively. In the Figure we show for the standard model 
observables in Table 2 the la M z > limits for the E 6 models in Table 4 as a function 
of 13. The solid curve corresponds to unpolarized beams. 



3. Conclusions 

For LEP 200 or for any center of mass energy of the same order and an inte- 
grated luminosity ~ 0.5 no model-independent determination of the Z' couplings 
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to ordinary fermions is possible for M z > > 500 GeV. However, we can distinguish be- 
tween specific models for M z > fixed (and < 1 TeV) . Limits on M z > ~ 1 TeV can also be 
obtained for definite models. This analysis can be improved by including systematic 
errors and (initial) radiation. 
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